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SUMMARY 



Tests werp conducted in tho pr opp 1 1p r-r ^ 3 f:-.r ch tun- 
nel of th^-^ Langley M^-^mDrial Aeronautical Lat oratory to 
d--^ t --"r minr-^ t-h^ characteristics at low "blad*^ anglns of pr c — 
pr^ll^rs for which data at high "bladf? angles r-rr^ alr^^ady. 
availaclA. In addition to th-^ 1 c w-llado-angl<= rpsultc 
th^-^-rp ar^ included data on tv/o— and t hr =^ p-'o lade prop^ll^ra 
of the samr^ ulad'^ design, which ha.v^ not ^.e^n putlishnd 
and which ccvr^r a rangn of l:lade angles fron. 20^ to G5^, 

A chart lists th^ NACA r^prrts in which data :n 
r^^lat^d t-^sts of th^- sam'^ tlade dpsign may tr^ found. 



INTRODUCTION 



With thp advf^nt -^f hi^^h altitud'^ r. ir pla n^^ s , op.^r.9tion 
of pr op*:^ ll<^r s rt low ' lad^ angl^^s -pcom-^s nrcpssrry for 
th^ tak'-^-off condition. R'^sults of tr-sts at hlad^ angles 
applicall'^ to this condition ar.-^* pr^S'^nt-'^d h^^r^in. Inas- 
much as th^ t^-^sts ^.'^r--^ ma dp rt low sp.-^.^d?, th-^ eff-^cts cf 
c ompr r s s ih il i ty could not I '-^ m^asur^d. Rpfprencp 1, how- 
'^v^r , prpsmts r^-^sults f :>r pr op--^ 1 1 r s eml-odying s^v^-^-ral 
sections ft hirh tip spe^-^d? with lew I'lade angles and also 
pr^s^nts a m^thvod of corr.^ctin.g prop'^ll-^r characteristics 
fnr c '^mpr^ssit' ility '^ffpcts at tip spp^ds h^low 0,9 t:ip 
spp^'d of sound. In the r-'-^sults r'^port^'d in r^f-^r^^nc^s 2, 
3, and 4, charts arp presented of data on single- r,nd 
dual-rotating prop^ll-^rs -^f diffprant numbpr of "blades. 
Th^ce charts includ'^d results for tladp angles ran.^inc? 
from 20'^ to 65^. Thp data pr^s^ntpd h^^rpin pxt^-^nd - 
results ti incluip iDlad'^^ angles of 10"^ and 15^, 

Because a part of thp data for two- and t hr r.o_b lade 
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pr^p^ll^rs has n^t pr^^vi-^usly "boen pullishod, all snch 
data arp includod in this rf=^port. 

APPARATUS AND M*^.THODS 



T h ^ t ^ s t s w r p mr. d p with t h p t s t s p t u p u s p d in p r — 
vi-^us dua 1— r t ? t i nv^- prop^llor inv^^ s t i^rat i --ns in th'-^ 
pr oppll^^r— r^spar ch tunnel (r '=^f p nc^ 2). A pho t c p^rraph 
and a d i tap ns i on- d drowin^c cf th^^ t^st sptup ar^ sh'^wn in 
figures 1 r..nd 2, A symmetrical win.-;: was :n -lant --^d in t h-^ 
s 1 i ps t r e ::"r m f "^r all th*^ tf^sts pxc^pt th-^sp t hp two— > lad p 

prop'^ll'^r at "blarlp angles ran^cine:: fr^ia 20'^ to 65^. Th*^ 
cv^r — nil Ipn^'-rth -"^f thp spinnpr v/as 5 inchps ^ir-'^at'^-r f '^r 
t hp 10" and 15'^ *t: lad p— an.-r^l^ t^sts than for th^ t s t s at 
hi^hpr "blad^ anz-'l^s. (Spp fir'. 2.) 

Thp pr-^^ppllpr r lades wprn of Hami 1 1 n— S t an-."^ ar d dpsi^;n 
dps i:c:nat .-^.i 3155-6 (rirht }iancl ) and 3156-6 (l^ft hand). 
Thp plan— f orm and thp "b lad'=^-f or rj curvps arp rivpn in f i 
ur p 3 . 

For thp six— and p ij?:ht— h ladp sin^lp— and dual— r '-^t at — 
ing prop-^ll-^rs and for thp four— 1' lad p dua 1— r o t a t inrc pr o— 
pniiors, th*^ hladns w^r<=^ mountpd in spparatp hul-s spacpd 
15 inches. thp two-, thrp-^-, and four— t. lade sinr^l^— 

r:tatir]f: pr ')i:)p 1 le r s , h-^v/pv^r, th-'^ oladps w^rp mr^untpd in 
the rnr.r hu". for the 1 'w hlade an^jle tpsts. P --r the 
s ince-1 p— r 0 t at i - n t^sts, th^ fr-nt tlpales led thp rpar hlades 

75.0" f "r th^ six— u lade pr-^TD^Hpr and cy 52,5" for thp 
e ight— l' lade pr ope 1 le r . 

In rrder t^ facilitatp readin,^ valups frr^rn the charts, 
thp tpst p-^'ints havp tpen ^wnittpd fr^m most of the curves. 
Thp j^rpneral acc^iracy "^f the fairings is indicated, hev/pver, 
l\y the plottpd p'-ints f ^r the 15'-' cTirves ~'f f i,-Turp 4. The 
test limi t at i'-ns ''f tunn-^1 spped (110 rnph) and prepniiop 
r 0 1 r.. t i ^ n n 1 spped ( 5 io 0 r p in ) r p s u 1 1 e in a. tip s ■»") p e d b e 1 - vr 
300 feet per s^c^^nd and no effpcts ''■f c e mpr p s s i c i 1 i t y w-uld 
t h p r e f or e hp e x "t v-- c t e d. , 

In a f-^v/ pr e liiTiino.ry du-al— r r,t a t i ^-^n tests at hlade 
spttinv-rs of 10'^' and 15"', spttin-- the fr^-nt and rpar "blades 
at the same angle was found to result in nearly pqual p'-'Wpr 
ahsorption at peak efficiency fer pach compenpnt. The 
frent and rpar hlad.ps w^re consequently set at the sarne 
tlad.p an^7:le fr.r the pntirp spries of 1 w h lad p -an ^^^Ip tpsts. 
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RESULTS 



Th'^ rosults are pros'^ntpr^ in th--^ usual nr ndim^:^ ns i onal 
vo foriT: "f thrust c opf f i c i p^n t , powor c ^pf f ic i<=^nt , and pr "pul— 

s iv'-^ ^ffici^ncy, 



r^ffpctivp thrust 
on D 



pn D 



C 



T V 



n = p 



F p-v/^r ats'rljed by pr op<^ 1 1 '--r , fo:t~p:.unds p^^^r s.-^cnd 

V airspeed, f p t p r- r s c c n d 

n r'r-p^ll'='r rotati'-.nal spo^d, r ^ V'-. lut i --^ns por snc-.nd 

13 prr^p^-^ll^r diam-^tnr, foot 

p nass d^^nsity -f thp air, slu.rs ppr cubic foot 

Pji fr^.nt lla^^o an<r-lo at 0.75H, df^.^rrops 

2:e?r clad^ mc-lo at C . ?5 R , dp^ err n ns 

Cp -0 -^w^r-c o^f f ic i o nt f - r fr-nt pror^oHnr 



r v;or-c ''^ '-^f f i c IP nt for r^ar pr'^ppllpr 



Thp offset iv^ thrust is thp hieasur^d thrust ^f thr» 
pr '^ppllor-O'-'dy c -^r.ih inat i on plus thp dra*- -^f t hp body inoas — 
ur pd without a prop^ll^r. 



Th'^^ fiv-:'urps ji::ivin,< thp prop'.^llpr characteristics ar^=^ 
1 i s t p d in thp f o 1 1 ov/ i n t ab 1 p : 
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1 1 '=^i;:"in has Ip-^n mada to torf^S'^nt ccmparisms h--^ — 
t V/ a p n r! u r. 1 a n s i n .^^ 1 a rotation p..t t h ^ 1 o w d 1 a 0 ^ an ^ 1 s 
slncp n''^' ap'or p c ial' la :':ain in thrust f r -u dual rotation 
wou.lr' OP pxoactpil. Curves of rr^^ppllor char - c t is t i c s 
at 'cladp an-r'-las 20^ (fr-^.n r^f'^rpncas 2 anr"* 4) hav^ rppn 
inc lu:''. -^d with thp IC" and 15^ curves v/hanaypr thp r^ata 
wpra av a?- l:\hlp in -rdar to ^rivp a clparar pictura -^f thp 
T'^lation -^f thp 10""' and IS'^ 1: ladp-and;lp data to tha data 
f IT thp hi^^hpr Ijlac'. a an^c^l^s^ 

It sh-uld 1?"'=^ n^tpd that thp p ^wer— c • -af f i c i ant curvp 
f-^r th'-^ six-":ladp, s i n/1 p— r o t a t i n pr'-^pr>llor at 15" clad a 
an<:^la has Da'^n olotainad Vy c r " s s -f r. ir i n,-- sinca thp tast 
curva a.ppaarad to 1; a in prr or • 

Tal^-la I is furnishpu f -^r th-^ purposp relating the 

ppocr-nt pr r^:r r. r:^ with provi-us work in v/'"^.ich thp sajna co^''/ 

and t ha s a vna h r s i c pr ^ p p ]. 1 pr v/ p r ^ u s a d . In thp t al la ar a 
listpd th-- iuportant t-^st c : n'"' it i pns . 

Lan.c::lay Mpmorial Apr ■: naut i c al Lao oratory, 

Nati-.nal Anviscry C - mnii 1 1 a a for Aarcnautics, 
L n lay Y i el d , V a . 
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TABLE AVAILABLE DATA FROIf PREVIOUS TESTS OE PROPELLEBS UITK 3LAEE DESIGiT 31p5-6 AlIE 315o~6 



ifecelle 
position 



Trc^ctor 



Tractor 



Tractor | 



Iriijiibcr 

of 
1' lade 3 



PuGlier 



Tractor 



6 
6 



Hade location 



Tested in 'both Imbs 
2 in each hiil; 

CIO 

ill each hub 
in each hiib 



Other test condition^ 



Potation 



Uithout uing 
"I'ith and vithciit winv^ 



With and '/ithoiit ;vin£: 



In front hub 
TcGuod in both 
hubs, also 2 in ea. 
2 in each. hub 
5 iii each hub 

(\q 

^ in each hub 



'Jithout ^'inr 



■do- 



xn 2-C'^r :nib 
do 

ill each hub 
3 in each hub 

do 

^ in each }-in.b 
do 



With wine 



-do- 

-1 r 



-cto- 



dc- 



Single 

Sin,-^le 

D^al 

Sin^-:le 

Sin^^le 

E^,;.al 

Sinf;;le 

Sin-le 

Dual 

Si]i-le 

^lal 

Single 

:>.;al 

Sinc-le 

— do — 

I>nal 

Si:i:^le 

]XLal 

Sii_r:le 

Dual 



Elade ajii;cle 
rajv'c o'f tests 
(doc) 



'^^j to 65 

20 to oO 

20 to 60 

20 to 55 

20 to 65 

20 to 65 
20 to 65 

20 to 75 

20 to 7^ 
20 to 70 
20 to 70 
20 to 70 
20 to 70 
20 to 70 

10 to 65 
10 to 65 
10 to 65 
10 to Os- 
lo to 65 
10 to c:5 
10 to 
10 to 60 



Blades 
used 



Refer- 
ence 



ITorual 
v/idth i 

Uorrnal 
v;idth 



iMornal 
width 



ITorrrial 
f width 



50 per- 
cent 
v;ider 
S and 
' thicker 
t'lrn 
normal 




8 9 10 



Figure ?.- Plan-form and blade -form curves for oropellers 

3155-6 and 3156-6. D, diameter; R, radius; 
r, station radiusj b, section chord; h, section thickness; 
p, geometric pitch. 
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Figs. 4,5 



(1 block = 10 divisions on 1/32 Arch, scale) 
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Figure \. - Propeller characteristics at low Fisure 5. - Propeller characteristics at low 

BLADC AN6LES. TWO-BLAOE PUCPELLER BLADE ANGLE, ThREE-BLADE PROPELLER 

IN REAR HUB. ,^ REAR HUB, 
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Figs. 6,7 



(1 "block « 10 dlvlaions on 1/40 Engr. scale) 

Cp 

—I \ \ 1 \ \ \ 1 \ \ 1 .231 r 




at low blade angles. Four- at low blade angles, 

blade single-rotating propeller in Four-blade dual-rotating propeller, 
rear hub. 
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Figs. 9,10 



(1 block « 10/40") 
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Figure 9.- Propeller characteristics Figure 10.- Propeller characteristics 
at low blade angles. Six- at low blade angles. Six- 

tlade single-rotating propeller. blade dual-rotating propeller. 
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Figs. 11,12 




Figure 11.- Individual power-coef f i- Figure 12.- Propeller characteristics 

cient curves for si-x- at low blade angles, 

blade dual-rotating propeller. Eight-blade single-rotating propeller 
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Figs. 13,14 




Figure 1?.- ProDeller characteristics Figure 14.- Individual power- 

at low blade angles. Eight coefficient curves for 

-blade dual-rotating propeller. eight-blade dual-rotating propeller. 



L-316 




Figure 15.- Thrust-coef f ir;ient -curves for two-blade nropellers in front hub without wing. 
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Figure 16.- Power-coefficient curves for two-blade prooeller in front hub without wing. 
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Fi . lire IR,- Thrust - coeffi c ient curves for two-blade propellers in rear hub without wing. 
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Figure 19.- Power-coefficient curves for two-blade propeller in rear hub without wing. 
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